The modified Q-cycle explains the apparent mismatch between the kinetics of reduction of cytochromes c1 and bH in the bc1 complex.
Crystallographic structures of the bc1 complex from different sources have provided evidence that a movement of the Rieske iron-sulfur protein (ISP) extrinsic domain is essential for catalysis. This dynamic feature has opened up the question of what limits electron transfer, and several authors have suggested that movement of the ISP head, or gating of such movement, is rate-limiting. Measurements of the kinetics of cytochromes and of the electrochromic shift of carotenoids, following flash activation through the reaction center in chromatophore membranes from Rhodobacter sphaeroides, have allowed us to demonstrate that: (i) ubiquinol oxidation at the Qo-site of the bc1 complex has the same rate in the absence or presence of antimycin bound at the Qi-site, and is the reaction limiting turnover. (ii) Activation energies for transient processes to which movement of the ISP must contribute are much lower than that of the rate-limiting step. (iii) Comparison of experimental data with a simple mathematical model demonstrates that the kinetics of reduction of cytochromes c1 and bH are fully explained by the modified Q-cycle. (iv) All rates for processes associated with movement of the ISP are more rapid by at least an order of magnitude than the rate of ubiquinol oxidation. (v) Movement of the ISP head does not introduce a significant delay in reduction of the high potential chain by quinol, and it is not necessary to invoke such a delay to explain the kinetic disparity between the kinetics of reduction of cytochromes c1 and bH.